Objective: Extranodal natural killer /T-cell lymphoma (ENKTL) is an aggressive and unusual subtype of non-Hodgkin lymphoma (NHL) that it is related with the Epstein-Barr virus (EBV). CSF is considered as an ideal source of high-concenrtation disease-related proteins. We aimed at identifying the proteomic markers changes of CSF in ENKTL patients and used such changes to diagnose ENKTL.
INTRODUCTION
Extranodal natural killer/T-cell lymphoma (ENKTL) is an aggressive and unusual subtype of non-Hodgkin lymphoma (NHL) that is associated with the Epstein-Barr virus (EBV) (1, 2) . The incidence of this disease is relatively high in East Asia and South America, while it is low in the Western world. The nasal cavity is the most frequently affected site, often involving the nasopharynx and non-nasal areas such as the skin, gastrointestinal tract, lung, liver, salivary gland, and testis (3) . Fine needle aspiration or core needle biopsy is widely used in ENKTL diagnosis. Necrosis is often seen in diagnostic biopsies and this may result in a delay in diagnosis. In a study with a median follow-up of 44.9 months, 26% of all stage I or II patients and 71% of stage III or IV patients died (4) . Concurrent chemoradiation, sequential chemoradiation, and sandwich chemoradiation are recommended to treat stage I or II patients by the National Comprehensive Cancer Network. Stage III or IV patients were suggested to undergo these treatments followed by radiotherapy (5) (6) (7) . Disease progression was still the most important factor leading to death, while pathogenesis of ENKTL is still unknown. Recently, increasing numbers of biomarkers related to disease progression and prognosis have been described. The overexpression of enhancer of zeste homolog 2 (EZH2) and H3K27-specific histone methyltransferase in ENKTL patients' tissue is associated with disease progression and prognosis (8) . The atypical cells found in the cerebrospinal fluid (CSF) of patients with ENKTL are positive for CD3, CD43, and CD56, and some studies use these markers to diagnose ENKTL (9, 10) .
The CSF is formed primarily in the ventricular choroid plexus and exists within the ventricular system and subarachnoid space. The proteins in the CSF originate from three different sources: cells within the CSF, plasma, and neural tissue (11) . The CSF is considered an ideal source of high-concentration, diseaserelated proteins and cells. The proteome of normal human CSF was detected using immunoaffinity depletion and 2D liquid chromatography tandem mass spectrometry with over 2,500 proteins being identified (12, 13) . The proteome is widely used in the detection of protein in the CSF of patients. The CSF samples of patients with Alzheimer's disease were analyzed and the levels of 750 proteins changed, identifying four proteins that had levels different from those in healthy individuals (14) . Approximately 19 proteins have been identified in eight peerreviewed articles as proteins with differential expression proteins in the CSF of glioma patients (15) . Biomarkers in the CSF to predict the conversion process from clinically isolated syndrome (CIS) to multiple sclerosis (MS) have been identified to reach a correct diagnosis (16) .
To identify changes in proteomic markers of the CSF in ENKTL patients, we used label-free liquid chromatographytandem mass spectrometry (LC-MS/MS) to process the samples. We found that histidine-rich glycoprotein (HRG), tissue inhibitor of matrix metalloproteinase-1 (TIMP-1), serpin family A member 3 (SERPINA3), fibrinogen alpha chain (FGA), fibrinogen gamma chain (FGG), transferrin (TF), fibrinogen beta chain (FGB), amyloid beta precursor protein (APP), and angiotensinogen (AGT) significantly differed between the two patient groups. These proteins may be potential markers of ENKTL and may be related to disease progression.
METHODS

Patients
All enrolled ENKTL patients were diagnosed from 2016 to 2017. All participating patients or their guardians provided informed consent in accordance with a University of Sichuan Review Board-approved protocol. Assent was obtained when required. Patient demographics were obtained from medical records and included age at diagnosis, sex, ethnicity, and treatment protocol. Six individuals who were suspected of having meningitis with similar characteristics to those of the patients were recruited as the control group. Inclusion criteria comprised (1) age: >18 years, <70 years; (2) diagnosis of ENKTL; and (3) no history of cranial treatment. Exclusion criteria comprised (1) diagnosis of another tumor at the same time and (2) a history of previous nervous system disease.
CSF and Plasma Sample Collections
To analyze the change in proteins in the CSF in ENKTL, the CSF was collected before the first cranial treatment. One milliliter of CSF was collected during therapeutic lumbar punctures. Samples were centrifuged at 3,000 rpm for 10 min to remove cellular debris, which was collected within 4 h of puncturing, and was stored in 1 mL containers at −80 • C until performing the assay. Only samples that were clear and without visible blood were collected after centrifugation. The Medical Ethics Committee of West China Hospital, Sichuan University approved this study. All the involved patients provided signed informed consent in accordance with the Declaration of Helsinki.
Chemicals and Materials
Acetonitrile (ACN, A955-1), water (W6-1), and formic acid (FA, A117-50) were all Optima LC/MS grade and obtained from Fisher Scientific for use in the LC/MS experiment. The desalting tips were ZipTip Pipette Tips (ZipTip C18, ZTC18S096, Merck Millipore). The water, which was bought from a Thermo Scientific Barnstead NANOpure Water Purification System, was applied in all experiments besides the LC-MS/MS sample preparation. Sequencing-grade modified trypsin (V5117) was acquired from Promega. Ammonium bicarbonate (NH4HCO3, 11213-1KG-R) was required from Sigma-Aldrich (St. Louis, MO, USA). Tryptic digestion was used in Reagents including DLDithiothreitol (V900830), iodoacetamide (IAM, l1149-5G), and L-cysteine (168149-100G) were obtained from Sigma-Aldrich (St. Louis, MO, USA).
Trypsin Digestion
Protein in-solution digestion: Cold RIPA buffer with protease and phosphatase inhibitors was mixed with a fixed volume of CSF (30 µL) while on ice for 10 min. The RIPA buffer consisted of 50 mm Tris-HCl, pH 7.61; 150 mm NaCl; 1% deoxycholic acid; and NP-40. The samples were then centrifuged at 4 • C at 20,000 g for 5 min. The Bradford protein assay was used to quantify the supernatant of the samples. To make an alkaline environment for the following trypsin digestion, 100 mM NH 4 HCO 3 was used in the buffer that was mixed with the CSF. Protein samples were mixed with 5 mM DL-dithiothreitol for ∼60 min at 37 • C to reduce the disulfide bonds. Iodoacetamide was mixed at a final concentration of 15 mM and left to react in the dark for 45 min to alkylate the cysteines. Eventually, 30 mM L-cysteine was used to block surplus IAM. Trypsin (Sequencing Grade Modified Trypsin) from Promega was used to digest the CSF protein samples overnight at 37 • C at a 50:1 protein to trypsin ratio and pH 8.0. CSF samples were heated to 90 • C to deactivate the enzymes in order to stop digestion reactions. The desalted peptides, which were distributed with C18 ZipTips, were used in LC-MS/MS analysis.
Mass Spectrometric Analysis
The MS analysis used a past method with slight modification (17) . At the start of MS/MS, all involved CSF samples were lyophilized and resuspended in buffer A and LC-MS/MS analysis was executed using an LC instrument (EASY-nLC 1000, Thermo Fisher Scientific) nanoflow combined with a Q Exactive quadrupole-orbitrap mass spectrometer (Thermo Fisher Scientific). Magic C18 AQ resin (200 A, 5 µm; Michrom Bioresources) was used to pack a 100-µm × 2-cm trap column and a 75-µm × 12-cm analytical column. The mobile phases were consistent with A and B. A was composed of 2% ACN and 0.1% FA. A and B consisted of 95% ACN and 0.1% FA. The LC gradient elution arrived at 4% B for 180 s. After concentration, the samples reached 22% B from 180 s to 40 min, when the concentration was increased from 22 to 30% over the next 480 s. After B was at 90% from 52 min to 1 h, it was distributed at a flow rate of 300 nL/min for 300 s. The positive ion mode was used in acquiring dependent data. MS spectra from 350 m/z to 1,800 m/z were analyzed at a resolution of 7 × 10 4 at m/z = 200. The automatic gain control was set at 3 × 10 6 in advance, with peak fill times of 20 ms. During MS/MS scanning, the 20 strongest parent ions were picked using a 1.6 m/z insulation window and fragmented with a normalized collision energy of 27%. The automatic gain control target value of MS/MS was changed to 1 × 10 6 . The sample was distributed with a peak fill time of 64 ms and resolution of 1.75 × 10 4 . Whether the parent ions were in a z = 1 charged state or states with unassigned charge was ruled out based on fragmentation, with the intensity threshold set to 3.1 × 10 5 . Fragmentation was performed using an HCD collision cell with a mass resolution of 1.7 × 10 4 at m/z
Data Analysis
The raw data obtained using the Q-Exactive plus were transferred to and analyzed using Maxquant v1.3. The studies were based on the SwissProt human database, which was updated in September 2017 with 20,239 sequences. To calculate the peptide false discovery rate (FDR), the studies were compared against the reverse dbase and were performed with a precursor peptide mass tolerance of 10 ppm. Two missed trypsin cleavages were identified in the study. Cysteine carbamidomethylation was determined as the settled revision. Oxidation of methionine and acetylation of protein N-terminals were identified as unstable revisions. Label-free quantification was performed using MaxQuant, following a previously described method (18) . Peptides with an expectation value of <1% after false discovery rate (FDR) correction were selected for further data processing.
A comparative analysis of protein profiles of the ENKTL patients and control group was performed for candidate proteins that had a unique change using univariate analysis. The P-values were calculated based on the two-tailed t-test for parametric data and considered statistically significant when <0.05.
Proteomic Analysis
In this study, we used David 6.8 (https://david.ncifcrf.gov/) to perform the enrichment analysis of the proteins for Gene Ontology (GO) terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. The heat map of the global protein expression profiles was made using by R software. The interprotein interactions were identified using the String and cytoscope online with a combined score >0.4 considered significant (https://string-db.org/).
RESULTS
To identify the differences in the proteome between ENKTL patients and non-ENKTL controls, we collected CSF samples from 12 patients in West China hospital, six of whom had ENKTL and the rest were tumorfree patients suspected of having meningitis (patient information is listed in Supplementary Table 1) . The CSF samples (Supplementary Table 2 ) were processed and analyzed using LC-MS/MS following the process outlined in Figure 1 . We adopted a strict criterion to restrict the protein content to that based on the lowest special peptide after applying a 1% FDR standard according to the value of the peptide.
In the aggregate, 421 non-excrescent and functional proteins were identified among the samples. Of these proteins, 45 proteins were quantified matching the mentioned criteria. We then performed enrichment analysis for GO based on human proteins. We discovered that the response to platelet degranulation, innate immunity, cell adhesion, complement activation, negative regulation of endopeptidase activity, and extracellular matrix organization were significantly enriched (P < 0.001) in the biological procedural GO analysis (Figure 2A) . The top seven, in terms of proportion of the quantified proteins in the GO molecular function analysis (Figure 2B) , were antigen binding, serine-type endopeptidase activity, serine-type endopeptidase inhibitor activity, immunoglobin receptor binding, carbohydrate binding, receptor binding, and structural molecule activity. The cellular component analysis of proteins mainly indicated that they were highly correlated to the extracellular region ( Figure 2C) . The analysis of the KEGG-pathway indicated that the pathways containing complement and coagulation cascades, platelet activation, and cell adhesion molecules were enriched ( Figure 2D) .
In the hierarchical cluster analysis of the CSF proteome in ENKTL and control patients, only the differential expression proteins were taken into consideration (Figure 3) . Twelve proteins were downregulated and 33 proteins were upregulated.
We then used stings to analyze protein-to-protein interaction (Figure 4) . We identified nine core proteins that were closely connected to each other and changed drastically between ENKTL and control patients. HRG, TIMP-1, SERPINA3, FGA, FGG, TF, FGB, APP, and AGT were all higher in ENKTL patients (Supplementary Figure 1) . 
DISCUSSION
To identify the differences between ENKTL patients and control patients, we performed LC-MS/MS analysis. In our study, we identified 421 proteins, of which 45 proteins were significantly different between groups. HRG, TIMP-1, SERPINA3, FGA, FGG, TF, FGB, APP, and AGT were significantly upregulated in ENKTL patients.
APP, A2M, and SERPINA 3 are acute phase proteins. APP is a single transmembrane protein expressed in a wide variety of cells and has a receptor-like structure. Several pathophysiological functions of APP have been discovered. APP is engaged in neuronal growth cone adhesion and plays an independent role as an operating cell adhesion molecule to bind to extracellular matrices (19) . It was reported that the expression of APP is increased in both malignant breast cancer cell lines and breast cancer tissues (20) . APP is also overexpressed in the papillary thyroid carcinoma and colorectal carcinoma (17, 21) . Furthermore, the overexpression of APP is related to the prognosis. The function of A2M, which is a pan-proteinase inhibitors of the A2M family, is different from that of APP (22) . A2M acts as a carrier protein and regulator for growth factors, polypeptide hormones, and cytokines. It is widely accepted that A2M is upregulated in human hepatocellular carcinoma (23) . SERPINA3 is a protein of the serpin superfamily and is also known as α1-antichymotrypsin. SERPINA3 restricts the activation of several serine proteases, including chymotrypsin and cathepsin G. The overexpression of SERPINA3 leads to loss of adherence and delay of apoptosis (24) . The upregulation of SERPINA3 has been reported in some cancer types, including endometrial carcinoma, lung carcinoma, colon carcinoma, breast carcinoma, and melanoma (25) (26) (27) (28) (29) (30) .
FGA, FGB, and FGG were all upregulated in the ENKTL patients. Two sets of α, β, and γ chains compose a large plasma protein called fibrinogen. These three chains are encoded by three independent genes. There are a number of reasons for fibrinogen upregulation, of which malignant tumor accounts for 20% based on a Chinese article. Previous studies indicate that the serum level of FGA is upregulated in many tumors, such as gastric cancer, breast cancer, nasopharyngeal carcinoma, acute lymphocytic leukemia, esophageal squamous cell carcinoma, and renal cell cancer (31) (32) (33) (34) (35) . The abnormal expression of FGG was also reported in hepatocellular carcinoma and ovarian cancer (36) . Furthermore, it was reported that the upregulation of FGB raised the expression of the other two. These three chains are interactively regulated in human cancer cells (37) . The mechanism of the overexpression of these three proteins needs to be further explored.
TIMPs are specific inhibitors of matrixins and take part in controlling the local activities of matrix metalloproteinases (MMPs) in tissues (38) (39) (40) . There are four known inhibitor subtypes referred to as TIMP-1, TIMP-2, TIMP-3, and TIMP-4. TIMP-1 inhibits MMP-9 with a high affinity. It has been proved that TIMPs promote cell growth and have anti-apoptotic activity (41) . Disruption of the MMP-TIMP balance can lead to a number of pathogenic processes including tumor invasion, metastasis, and angiogenesis (42) . According to a previous study, TIMP-1 levels are upregulated in non-small cell lung cancer and advanced breast carcinoma (43, 44) . Additionally, it was reported that higher expression of TIMP-1 occurs in adenocarcinoma cells related to the higher stromal intensity of squamous cell carcinoma and non-small cell lung cancer (43) . It was reported that the expression of TIMP-1 upregulated and promoted the development of EBV-associated malignancies in EBV-infected cells (45) .
Previously, studies have shown that upregulation of SERPINA3 expression was an index of worse prognosis in ovarian cancer than low SERPINA3 level (46) . A high TIMP-1 level was also associated with a worse prognosis (47, 48) . The relationship of APP to prognosis are yet to be explored in tumors. In a further study, we will follow patients to observe the progression-free survival and overall survival and elucidate the relationship between proteins and survival.
There are some limitations of our study. First, the number of patients included in this research was limited. Second, there are various subtypes of NHL. ENKTL, an aggressive type of NHL, is special and difficult to distinguish. Therefore, more variable morphologic and immunophenotypic features are required when narrowing the differential diagnosis. The control group was also limited by the number of involved patients. In further studies, more control groups can be used, including diffuse large B cell lymphoma, Burkitt's lymphoma, or other types of lymphoma.
CONCLUSION
We performed a proteomic analysis of the CSF in ENKTL patients, using a label-free method to compare proteomic marker variation between tumor patients and non-tumor patients. We discovered that HRG, TIMP-1, SERPINA3, FGA, FGG, TF, FGB, APP, and AGT were significantly upregulated and are potential markers for diagnosing ENKTL, either individually or in combination with each other. It is possible that these proteins play an important role in the occurrence of ENKTL lymphoma. The proteomic changes are a potential method of precisely identifying the pathogenesis of ENKTL.
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